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Description

[0001] The technology described herein relates gen-
erally to treating blood outside (i.e., extracorporeal) of a
patient’s body. More specifically, the technology relates
to an extracorporeal blood treatment system and a meth-
od of operating such a blood treatment system that en-
able improved individualized treatment.

[0002] An extracorporeal blood treatment involves re-
moving blood from a patient, treating the blood outside
the patient’s body, and returning the treated blood to the
patient. Extracorporeal blood treatment may be used to
extract undesirable substances or molecules from the
patient’s blood, and, if necessary, to add desirable sub-
stances or molecules to the blood. An extracorporeal
treatment of blood may be required, for example, when
a patient’s kidneys are unable - whether temporarily or
permanently - to effectively remove substances from the
blood. The patient is then required to undergo extracor-
poreal blood treatment to add or remove substances to
the blood, to maintain a certain acid/base balance or to
remove excess body fluids, for example.

[0003] Thisis typically accomplished by passing blood
through a treatment unit, e.g., a dialyzer or a hemofilter.
Blood is removed from the patient in, e.g., a continuous
flow, and introduced into a primary chamber, also re-
ferred to as blood chamber, of the treatment unit. Therein,
the blood flows past a semipermeable membrane that
selectively allows matter in the blood to cross the mem-
brane from the primary chamber into a secondary cham-
ber and also selectively allows matter in the secondary
chamber to cross the membrane into the blood in the
primary chamber, depending on the type of treatment.
The secondary chamber is also referred to as fluid cham-
ber.

[0004] A number of different types of extracorporeal
blood treatments may be performed. In an ultrafiltration
(UF) treatment, undesirable matter is removed from the
blood by convection across a membrane into the sec-
ondary chamber. In a hemofiltration (HF) treatment, the
blood flows past the semipermeable membrane as in UF
and desirable matter is added to the blood, typically by
dispensing a fluid into the blood either before and/or after
it passes through the treatment unit and before it is re-
turned to the patient. In a hemodialysis (HD) treatment,
a secondary fluid containing desirable matter is intro-
duced into the secondary chamber of the treatment unit.
Undesirable matter from the blood crosses the semiper-
meable membrane into the secondary fluid and desirable
matter from the secondary fluid may cross the membrane
into the blood. In a hemodiafiltration (HDF) treatment,
blood and secondary fluid exchange matter as in HD,
and, in addition, matter is added to the blood, typically
by dispensing a fluid into the treated blood before its re-
turn to the patient as in HF.

[0005] EP 2293829 discloses an exemplary extracor-
poreal blood treatment apparatus having a dialyzer and
a blood circuit that interconnects the dialyzer and the
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patient. By means of that apparatus, the well-being of
the patient during a dialysis treatment is improved as it
allows individualizing the treatment. Thatis, a weightloss
system of the apparatus is controlled on the basis of pa-
tient-specific prescription parameters, in that case, the
patient's hematic volume change and the patient’'s de-
sired weight loss. During machine setting, input of a total
weight loss value is also required, and a percentage var-
iation of the blood volume to be obtained at the end of
treatment is calculated on the basis of the percentage
weight loss and the preset value of the refilling index.
Starting from this desired value of percentage variation
of the blood volume at the end of the treatment, a desired
profile of the variation is calculated starting from an initial
value.

[0006] An article entitled "A new method to evaluate
patient characteristicresponse to ultrafiltration during he-
modialysis”, published in "The International Journal of
Artificial Organs", Vol. 30, no. 5, 2007, discloses that a
plasma refilling index (PRI) parameter, defined by the
relation between the total body water of an individual and
the blood volume, provides a useful indication for evalu-
ating the response of a patient subject to dialysis, in par-
ticular his or her behavior in relation to vascular "refilling",
i.e., the quantity of liquid which is displaced from the in-
terstitial space of the patient’s body to the intravascular
space.

[0007] If, e.g., kidney dialysis takes place in a dialysis
center or a hospital, a nurse or patient care technician
usually interacts with a patient subject to dialysis treat-
ment. To ensure the safety of the patient and the quality
of treatment, well defined instructions and procedures
prescribe the various actions a nurse has to perform be-
fore, during and at the end of a treatment session. For
example, the instructions require the nurse to read nu-
merous parameters and settings from a user interface,
to use them for additional calculations, and to note the
parameters, settings, and any calculation results in a
treatment record, such as total UF amount removed, last
available estimated clearance, current cumulative Kt/V,
% recirculation, water/plasma refilling index, and final
blood volume % (BV%). Some of these recorded param-
eters are then used as prescription parameters or as a
base for calculating other prescription parameters for the
next treatments of the patient.

[0008] DocumentW02012038384 discloses a dialysis
machine is configured to perform treatment sessions of
renal replacement therapy. Prior to each treatment ses-
sion for an individual patient, a machine controller in the
dialysis machine obtains from a logic device a set of cur-
rent control settings of the machine-related parameters
to be applied in the treatment session. In generating the
control settings, the logic device obtains a set of thera-
peutic targets comprising a target value that represents
part of a desired status of the patient after the treatment
session, in terms of one or more physiological parame-
ters for the patient. The logic device also obtains status
data that represents the current status of the patient prior
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to the treatment session, and computes the set of current
control settings of the machine-related parameters, as a
function of the set of therapeutic targets and the status
data and at least partly based on a predictive model,
which estimates the physiological response of the patient
to the machine-related parameters during the treatment
session. Thereby, the dialysis machine may be inherently
controlled to achieve the desired status at the end of the
treatment session, based on automatically computed
control settings, which reduces the need for the patient
to strictly adhere to a predetermined treatment plan, and
for the caregiver to manually estimate control settings.
[0009] DocumentUS2013274642 shows a dialysis de-
vice for operation in multiple modes and for maintaining
a known gradient of potassium ion or other electrolyte
between the blood of a patient and a dialysate fluid. The
dialysis device is capable of being used for hemodialysis
or peritoneal dialysis, and the dialysis device is capable
of operation with a dialysate purification unit outside of a
clinical setting or with a supply of water that can be sup-
plied in a clinical setting. The dialysis device has a com-
position sensor containing a potassium-sensitive elec-
trode for measuring a potassium ion concentration in one
or more of the patient’s blood and the dialysate fluid and
an infusate pump operated to adjust a potassiumion con-
centration in the dialysate fluid based at least in part on
data from the composition sensor. Through the associ-
ation of patient parameter data and system parameter
data as shown in FIGS. 37-40 and discussed above, a
history of patient responses to changing system param-
eters may be obtained. This history, e.g. in the form of a
lookup table, may be consulted prior to a blood fluid re-
moval session to determine which system parameters,
given the patient’s physiological parameters at a given
point in time, are more likely to cause the patient to re-
spond favorably and which system parameters are more
likely to cause the patient to respond negatively. Accord-
ingly, the system may respond by adjusting parameters
to those that are more likely to cause the patient to re-
spond favorably.

[0010] DocumentW0O2010108955 discloses a dialysis
device comprising a prescriber interface and a program-
ming means configured to allow, via the prescriber inter-
face, input of a set of therapeutic objectives and a treat-
ment plan and a re-evaluation means configured to, as
a function of the therapeutic objectives and the treatment
plan, suggest at least one treatment option comprising a
set of settings of a treatment session to achieve said set
of therapeutic objectives. The re-evaluation means may
also take into account other available data of the patient
such as the treatment history and current treatment pa-
rameters when suggesting new treatment options to
achieve the therapeutic objectives. The data represent-
ing the patient history would include data related to pre-
vious treatment sessions.

[0011] Document WO9301845 discloses a monitoring
method comprising the stages of acquiring and storing
the values (Q;., Qpand QUF) of a plurality of parameters
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set by the operator for the individual dialysis treatment
to be carried out and for determining the doctor’s clinical
prescription [[HCO57],] on the basis of the stored values
of the parameters prior to the commencement of treat-
ment.

[0012] DocumentUS2011077574 discloses a medical
device system including a physiological sensor and an
ultrafiltration unit; the device senses a physiological sig-
nal in a patient and computes a fluid status measurement
of the patient using the physiological signal. Ultrafiltration
therapy is delivered to the patient according to a therapy
delivery control parameter established in response to the
fluid status measurement.

[0013] Although known external blood treatment ap-
paratuses, such as dialysis machines, provide for auto-
matic control of a treatment, calculations and manual re-
cordings of patient-specific parameters may still be re-
quired by a nurse at the end of a treatment, in particular
if a more individualized treatment is desired. This is time
consuming and prone to errors, which may negatively
affect the quality of treatment. Further, the requirement
for calculating and recording these patient-specific pa-
rameters at the end of each treatment may be perceived
as an obstacle to further the use or introduction of indi-
vidualized treatments. There is, therefore, a need for an
improved technology for extracorporeal treatment of
blood, in particular with respect to the operability of the
apparatus and patient safety. The improved technology
provides for further automatic operation of an extracor-
poreal blood treatment system that is able to effectively
adapt to the various characteristics and needs of each
patient in order to individualize treatment and to guaran-
tee patient well-being during treatment. Further, the im-
proved technology ensures that the patient receives an
optimized treatment therapy through the adaptation of
some prescription parameters by means of tracking
his/her body condition.The invention is defined by the
features of the independent claims 1 and 9.

[0014] Accordingly, one aspect involves an extracor-
poreal blood treatment system having a first holder, a
second holder and a control unit. When the system is in
use, thefirstholder holds a blood treatment device having
a blood chamber, a fluid chamber and a semipermeable
membrane that separates the chambers from each other.
When the system is in use, the second holder holds an
extracorporeal blood circuit coupled to the blood treat-
ment device. The control unit is configured to operate at
least one pump to cause blood to flow through the blood
treatment device and the extracorporeal blood circuit.
The control unit is further configured to execute a proce-
dure that reads prior to commencing an extracorporeal
blood treatment from a storage device stored values of
a patient-specific prescription parameter. The stored val-
ues relate to previous extracorporeal blood treatments.
The procedure further processes the stored values of the
prescription parameter read from the storage device ac-
cording to a predetermined alogrithm to determine a cur-
rent value of the patient-specific prescription parameter.
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The current value is then available for the subsequent
extracorporeal blood treatment.

[0015] Accordingly, the algorithm provides aresult that
is available for futher use. The result should fall within a
pre-determined range of acceptability, i.e., a range that
is reasonable from a physiological point of view. For ex-
ample, a water refilling index should typically be between
about 0.5 and about 2.0. If that is the case, the result is
deemed "valid," if not, the result is discarded (e.g., not
stored). Once the result is valid, the system is in one
embodiment configured to use the result as a set value
for the patient-specific prescription parameter, or to sug-
gest it to the user and requiring him/her to either accept
or to discard the suggested parameter. For example, the
new value can be displayed as a suggested value on a
monitor of the system, and the user may accept the sug-
gested new value for the subsequent treatment by press-
ing a dedicated button or area, e.g., on a touch screen.
[0016] The procedure can be performed the first time
a certain patient-specific prescription parameter has to
be used, but is not yet available as prescription param-
eter. In another embodiment, the procedure can be per-
formed every time the user decides to rerun a patient
characterization for that patient-specific prescriprion pa-
rameter, e.g., when in doubt whether or not the patient’s
physical characteristics have changed, or after a specific
time interval (e.g., defined to be a routine procedure in
the clinic).

[0017] In one embodiment, the procedure can be con-
tinuously applied in order to precisely track any drift of
the patient’s physical characteristics. In such an embod-
iment, a continuous patient identification and trending
functionality can be implemented in the system.

[0018] Asdescribed above, there may be doubt or drift
regarding the patient’s physical characteristics. In such
cases, at each treatment, the new value of the patient-
specific prescription parameter calculated by the algo-
rithm is used or suggested (on the basis of the previously
described configuration option) only if the new value ex-
ceeds a predefined threshold. This threshold may be de-
fined as a physiologically significant percentage. That s,
if the new value deviates by more than this percentage
from the previously used patient-specific prescription pa-
rameter, the patient’s physical characteristic has signifi-
cantly changed and the new value is used or suggested.
[0019] Another aspect involves a method of operating
such an extracorporeal blood treatment. Prior to com-
mencing an extracorporeal blood treatment, the method
reads from a storage device stored values of a patient-
specific prescription parameter. These stored values re-
late to a sequence of previous extracorporeal blood treat-
ments. In addition, the method processes the stored val-
ues of the parameter read from the storage device ac-
cording to a predetermined algorithm to determine a cur-
rent value of the patient-specific prescription parameter.
The current value is then available for the subsequent
extracorporeal blood treatment.

[0020] In one embodiment, a value of the patient-spe-
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cific prescription parameter is stored in the storage de-
vice at the end of each treatment. Depending on how the
storage device is configured, the storing occurs automat-
ically, e.g., when the storage device is internal (e.g., an
internal non volative memory of the machine), or by ask-
ing the operator to make the storage device available for
being written by the machine, e.g., coupling the storage
device to the system when the storage device is external
(e.g., a memory card). Advantageously, the user/nurse
is no longer required to manually collect, record and/or
process data at the end of each treatment.

[0021] In one embodiment, itis determined that a run-
in period is complete when a predetermined number of
values has been stored. This allows obtaining an initial
value of a selected patient-specific prescription param-
eter. A subsequent treatment according to a desired ther-
apy can then use that initial value as a starting point.
[0022] Inone embodiment, the stored values are read
according to a predetermined pattern. The pattern may
be defined to read N consecutive stored values, wherein
N may represent the number treatments performed dur-
ing the run-in period.

[0023] In one embodiment, the predetermined algo-
rithm determines an average value (e.g., arithmetic
mean, or median) of the stored values read from the stor-
age device. Advantageously, using the average value
provides for a better reference for the actual medical con-
dition of the patient, leveling out any "bad day" the patient
may have. It is contemplated that the predetermined al-
gorithm may apply any other statistical parameter (e.g.,
standard deviation) that allows assessing the patient’s
medical condition over a certain period of time.

[0024] In one embodiment, a default value is used as
the current value ifless than a threshold number of stored
values is read. The default value may be set by a physi-
cianresponsible for the patient’s treatment. This provides
for flexibility if the desired therapy needs to be started
before the run-in period is complete.

[0025] Advantageously, the storage device used in
connection with the technology described herein may
have a variety of different configurations, and be internal
or external to the system. It may be configured as a port-
able patient card that is used at the treatment site (e.g.,
configured as a chip card, magnetic card, RFID card,
USB memory device or disc storage device). Alternative-
ly, it may be located within a computer system at the
treatmentsite (i.e., local) or ata remote site. Ina computer
system, the storage device may be any kind of known
storage medium, e.g., a disc drive.

[0026] Astothe structure of the system, the technology
allows substantial flexibility. In one embodiment, the sys-
temincludes a network interface for communications with
a (remote or local) computer system that includes a stor-
age device. In another embodiment, the system includes
a communications interface for communications with a
storage device. Depending on a specific configuration,
one or all of these interfaces may be implemented on the
apparatus.
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[0027] It is a further advantage of the technology de-
scribed herein that a variety of patient-specific prescrip-
tion parameters can be selected. Such patient-specific
prescription parameters include the water-refilling index
WRI, (final) relative blood volume (ABV), (final) blood vol-
ume (BV%), and variation of weight loss (AWL%).
[0028] In addition to the foregoing, the improved tech-
nology allows monitoring of a patient’s therapy over time
and determining atrend, ifany, (alsoreferred to as "trend-
ing") of a patient-specific prescription parameter. That
trending is performed by the extracorporeal blood treat-
ment system, or by the apparatus alone. In one embod-
iment, the trending is performed automatically and con-
tinuously with a minimum of user/nurse interaction. That
further ensures that a patient receives the correct pre-
scription in a safer way.

[0029] The technology described herein stores values
of a patient-specific prescription parameter in a storage
device that may have a number of configurations, as
mentioned above. An advantage of using the storage de-
vice is that all data relevant for performing the trending
is stored in the same location and in the same format
which facilitates data handling and processing.

[0030] Itis contemplated that the extracorporeal blood
treatment system is operated in accordance with the
technology described herein prior to commencing an ex-
tracorporeal blood treatment. The technology as such is,
therefore, not applied while a patient is undergoing ex-
tracorporeal blood treatment.

[0031] The novel features and method steps charac-
teristic of the invention are set out in the claims below.
The invention itself, however, as well as other features
and advantages thereof, are best understood by refer-
ence to the detailed description, which follows, when read
in conjunction with the accompanying drawings, wherein:
Fig. 1  shows a schematic illustration of one embodi-
ment of an extracorporeal blood treatment sys-
tem;

is a flowchart of one embodiment of a method
of operating the extracorporeal blood treatment
system of Fig. 1 to read stored data; and

is a flowchart of one embodiment of a method
of operating the extracorporeal blood treatment
system of Fig. 1 to store data.

Fig. 2

Fig. 3

[0032] Fig. 1is a schematic illustration of one embod-
iment of an extracorporeal blood treatment system in
which the technology described herein is implemented.
The illustrated system has an extracorporeal blood treat-
ment apparatus 1 (also "apparatus 1") having a housing
1a that houses a user interface 12, a pump 11 and a
control unit 14 (labeled as CPU in Fig. 1). Further, the
housing 1a holds a treatment unit 2, and components of
an extracorporeal blood circuit 3. The user interface 12
may include a display screen and a keypad, a touch
screen or a combination thereof. For the sake of com-
pleteness, additional details regarding various optional

10

15

20

25

30

35

40

45

50

55

embodiments of the extracorporeal blood circuit 3 and
associated components, such as sensors and actuators,
are described below.

[0033] Inthe embodimentofFig.1,the systemincludes
further a computer system 4 (labeled as IT System in Fig.
1) having an internal or external storage device 4a and
being coupled to the apparatus 1 via a network 13 and
a network interface (not shown). The apparatus 1 in-
cludes a communications interface 5 for communicating
with a storage device 5a. Itis contemplated that the com-
puter system 4, the network 13 and the communications
interface 5 may be optional and may therefore not be
presentin allembodiments. Further, depending on a par-
ticular embodiment, the system 1 may have only one of
the communications interface 5 and the computer system
4 including the network 13, or all of these components.

[0034] The computer system 4 may be located away
from the apparatus 1, e.g., in another room of the same
building as the apparatus 1 (which may still be considered
to be "local"), wherein the network 13 is a local area net-
work (LAN) based on any technology that enables (bi-
directional) communications between computerized en-
tities (here, the computer system 4 and the apparatus 1).
Examples of such technologies include wire-based tech-
nologies (e.g., an Ethernet LAN) or wireless technologies
(e.g., a (WiFi) WLAN), or a combination of these tech-
nologies.

[0035] The computer system 4 may be located even
further away from the apparatus 1, e.g., in a different city.
Communications between these remotely located enti-
ties (here, the computer system 4 and the apparatus 1)
occur then via a wide area network (WAN) and/or the
internet, applying again wire-based or wireless technol-
ogies, or any other communications technology.

[0036] Itis contemplated that more than one apparatus
1 may be coupled to the computer system 4. For example,
in a dialysis center, a physician/nephrologist may be cen-
trally located at or near the computer system 4 and mon-
itor treatments taking place at several apparatuses 1 at
patients’ sites. For that reason, the computer system 4
has a user interface (not shown) with input and output
functionalities, and the storage device 4a to keep elec-
tronic patient records and to store patient-specific data.
[0037] The communications interface 5 is configured
to communicate with at least one of several types of stor-
age device. For example, the storage device 5a may be
a proximity card based on known near field communica-
tion (NFC)/RFID technology, and the communications in-
terface 5 may be a so-called RFID card reader. The card
reader can activate the proximity card via an antenna
embedded inthe card and read/write data from/to amem-
ory also embedded in the card. Alternatively, the storage
device 5a may be a magnetic card, a flash-memory (e.g.,
in form of a USB memory stick), a disc drive or any other
kind of storage device or storage medium with read/write
functionality. It is contemplated that the communications
interface 5 is configured to be compatible with the select-
ed kind of storage device 5a. That is, for example, both
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the communications interface 5 and the storage device
5a implement RFID technology or USB technology.
[0038] Regardless of a specific physical configuration,
the storage device 5a may be referred to as "patient card"
that carries patient-specific data (e.g., personal data
(e.g., name, age) and treatment data (e.g., prescription,
treatment parameters). The patient card is remova-
ble/detachable from the apparatus 1, or needs to be
brought within an operative range only during a read or
write operation. Advantageously, such a patient card is
easy to handle and portable (i.e., not fixedly installed in
the apparatus 1) so that the patient data is not stored
within the apparatus 1. Patient data is thereby conven-
iently transferable, which, for example, avoids having to
treat the patient always on the same apparatus 1. This
means also that the improved technology described
herein not only uses the patient card in a conventional
way (i.e., to store patient data like name, age etc.), but
also for a new purpose, i.e., as a storage media for the
values of the patient-specific prescription parameter, as
described herein.

[0039] The controlunit 14 is configured or programmed
to operate the apparatus 1 during all stages of a treat-
ment. For that purpose, the control unit 14 has a (central)
processing unit (CPU) coupled to or containing a data
storage for storing computer-readable instructions/pro-
grams or data. It is contemplated, that - as an alternative
to an embodiment using a patient card or the storage
device 4a - the data storage may in one embodiment
store patient-specific data so that that kind of data is
stored within the apparatus 1. The data storage may com-
prise a mass storage device based on one of a variety
of technologies, for example, optical or magnetic, a re-
programmable memory (EPROM, FLASH) or other
known storage media. In addition, the control unit 14 is
coupled to the user interface 12 and other components
of the apparatus 1 by means of a communications bus
or control lines, or a combination thereof.

[0040] For example, during the set-up stage, the con-
trol unit 14 communicates with the user interface 12 to
enable entry of patient-specific data (personal and pre-
scription data (e.g., kind of therapy (HD, HDF, HF), dial-
ysis target values, dialysis duration). In one embodiment,
the control unit 14 activates the communications device
5 to read data from a patient card. During the treatment
stage, i.e., whenthe patientis connected to the apparatus
1 and blood flows through the extracorporeal blood circuit
3, the control unit 14 controls operation of the pump 11,
sensors and actuators according to the prescribed ther-
apy (e.g., HD, HDF, HF), processes control parameters
(e.g., sensor readings, actuator settings), and displays
one or more of the processing results, sensor readings
and actuator settings on a screen of the user interface
12. Atthe end of the treatment, the control unit 14 obtains
the final values of several patient-specific prescription
parameters, which may be displayed on the screen.
[0041] As such, the patient-specific prescription pa-
rameter is an end-of-treatment parameter. Such patient-
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specific prescription parameters include the water-refill-
ing index WRI, (final) relative blood volume (ABV), (final)
blood volume (BV%), and variation of weight loss
(AWL%).

[0042] In one embodiment of the prior art, the nurse is
atthat end-of-treatment state required to manually record
these final values. Depending on a hospital’s or center’s
procedures, the nurse may further be required to process
the values to obtain, e.g., parameters such as the ratio
final blood volume % to total UF, or other parameters.
[0043] To improve upon the prior art, the control unit
14 is configured and programmed to perform the proce-
dures described hereinafter with reference to Fig. 2 and
Fig. 3. Fig. 2is aflowchart of one embodiment of a method
of operating the extracorporeal blood treatment system
of Fig. 1. That method takes place during a so-called run-
in period and serves to obtain initial data for use in sub-
sequent treatments.

[0044] A run-in period may be defined as a predeter-
mined number of treatments, e.g., six consecutive treat-
ments. The run-in period is for determining a certain
number of values of patient-specific prescription param-
eters at the end of each treatment, and for learning about
the patient’s physical characteristics or response to these
treatments. The run-in period may be selected, for ex-
ample, when the patient starts with external blood treat-
ment for the first time, or when the patient changes to a
different kind of external blood therapy. Itis contemplated
that the patient already undergoes effective external
blood treatment during the run-in period, even though it
may be a relatively standardized treatment instead of a
more individualized treatment that uses past/historic data
of the patient.

[0045] The method starts at a step S1 at the end of a
treatment, and ends at a step S8. Intermediate steps S3
and S4 define certain tasks that are repeated a certain
number of times, here N times, wherein N is set according
to the length of the run-in period. In one embodiment, the
run-in period may be defined as six consecutive treat-
ments, i.e., N = 6.

[0046] Inastep S2,the method sets a counter variable
n initially to 1, and in a step S3, the method obtains a
value V,, of a patient-specific prescription parameter.
With n=1, the first obtained value is V.

[0047] Referring to the step S4, the method stores the
value V,,.

[0048] Dependingon a specific embodiment, the value
V,, is stored in one of the storage devices 4a, 5a, or both,
together with the time and the date of storing. Storing the
value V,, assumes that it is "valid", i.e., falls within a pre-
determined range that is reasonable from a physiological
point of view. For example, a water refilling index (WRI)
should typically be between about 0.5 and about 2.0. If
that is the case, the result is deemed "valid," if not, the
result is discarded (e.g., not stored). Advantageously,
this protects against storing "wrong" values and ensures
that only valid values are stored.

[0049] Inastep S5, the countervalue n is incremented
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by 1, and in a step S6, the method determines if the steps
S3 and S4 have been repeated N times. If so (i.e., nis
not <N+1), the method proceeds along the NO branch
to a step S7. At the end of that loop and with N=6, the
obtained values are V, ... V.

[0050] In the step S7, the method determines that the
run-in period is complete. That determination may be dis-
played on the user interface 12. After that, the method
ends at step S8.

[0051] The run-in period described with reference to
Fig. 2, provides the initial value of the patient-specific
prescription parameter for the following treatment. One
example of a specific dialysis treatment is a HemoCon-
trol™ treatment mode implemented in an ARTIS™ mon-
itor available from Gambro Lundia, AB. Such a treatment
adapts therapies to individual patients. With automated
profiling of UF rate and Na* level, therapies in that treat-
ment mode manage fluid. The UF rate and Na* level are
automatically adjusted to reach the treatment goals while
keeping blood volume stable and within a trajectory
where hypovolemia tends to be avoided.

[0052] At the end of the run-in period, a buffer imple-
mented in one or both of the storage devices 4a, 5a, or
in an internal storage device contains the predetermined
number of values of the patient-specific prescription pa-
rameter. With the improved technology described herein,
however, storing values after each treatment does not
stop atthe end of the run-in period. Instead, the apparatus
1 is configured to continue with storing, i.e., to automat-
ically store values of the selected patient-specific pre-
scription parameter after each treatment that follows the
run-in period. The buffer, therefore, contains in one em-
bodiment always the "valid" values of the last N treat-
ments. The buffer may be configured as a first in, first
out (FIFO) buffer.

[0053] Itis contemplated that the storage devices 4a,
5a may apply any known technology for storing, organ-
izing and/or manipulating data on a storage device as
long the data is readable according to a selected pattern.
Forexample, the storage device 4a, 5a may be organized
in tables with variables and cells that are addressable by
a pointer.

[0054] Fig. 3 is a flowchart of another embodiment of
amethod of operating the extracorporeal blood treatment
system of Fig. 1. In one exemplary scenario, that method
takes place after the run-in and before a new treatment.
[0055] The method starts at a step S10, and ends at a
step S18. In a step S11, the method determines if the
apparatus 1 is about to begin a new treatment. If so, the
method proceeds along the YES branch to a step S12.
In the step S12, a counter variable i is initially set to 1.
[0056] Referring to a step S13, the method reads a
value V; of a patient-specific prescription parameter from
one of the storage devices 4a, 5a. Similar to the loop in
the method of Fig. 2, the method repeats the step S13
N times (see steps S14, S15) so that N (e.g., N=6) values
of the patient-specific prescription parameter are availa-
ble when the method proceeds along the NO branch to
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a step S16.

[0057] Inthe step S16, the method processes the val-
ues V; to V. That processing is carried out according to
a predetermined algorithm. For example, the algorithm
calculates in one embodiment the average of the values
V; to Vy, e.g., the arithmetic mean. With N=6, the arith-
metic mean is (V; + ... +V)/6.

[0058] In a step S17, the method determines that the
value of the patient-specific prescription parameter cal-
culated in the step S16 is the value to be used in the
treatment that is about to begin. Unlike a standard value,
that value of the patient-specific prescription parameter
isindividualfor the patientand contributes to individualize
the treatment. The method ends in the step S18.
[0059] As mentioned above, the method illustrated in
Fig. 3assumes thatthe run-in period has been completed
so that at least N values are available (stored) for
processing. However, under certain circumstances (e.g.,
a nurse forgot to store the data onto the card so that the
number of valid values is less than six), the run-in period
may not yet be complete and less than N values may be
stored. In that situation, the apparatus 1 suggests a de-
fault value, e.g., WRI=1 defined by the physician respon-
sible for the patient’s treatment, and generates a mes-
sage notifying the user that the default value is suggested
because the run-in period was not complete.

[0060] Alternatively, in such a situation, the apparatus
1 may use any available stored value and calculate a
mean value of these values. If that mean value deviates
too much from the stored default value (e.g., by more
than 10%), the default value is used.

[0061] When the apparatus 1 is set to perform the de-
sired therapy (e.g., HemoControl™), it is contemplated
that the apparatus 1 executes the method illustrated in
Fig. 3 at the beginning of each treatment. In one exem-
plary embodiment, the apparatus 1 reads according to a
selected pattern, e.g., the last six values of the water
refilling index (WRI) from the patient card (e.g., storage
device 5a) at the beginning of a treatment. If the buffer
on the patient card is full, the apparatus 1 automatically
calculates the average WRI of the last six treatments and
suggests this average WRI for the current treatment.
Should the buffer not be full, the apparatus 1 suggests a
default value, e.g., WRI=1, and notifies the user accord-
ingly.

[0062] Asthisprocedure is executed before each treat-
ment with values from the last N treatments, an "obser-
vation window" is implemented that moves over time
(e.g., a window of six treatments extends over the last
two weeks). This provides for a continuous monitoring of
the patient-specific prescription parameter and allows
recognizing if any changes of the patient-specific pre-
scription parameter show any trend. Further, the appa-
ratus 1 may generate a message/alarm if the patient-
specific prescription parameter deviates from the trend
by more than a set threshold. In this case, the apparatus
1suggests in one embodiment the average of the patient-
specific prescription parameter of the last six treatments
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to the user.

[0063] Returning to the structure of the system 1, the
treatment unit 2 has a primary chamber 15 and a sec-
ondary chamber 16 separated by a semipermeable
membrane 17. Depending on the therapy, the membrane
17 may be selected to have different properties and per-
formances. For example, the treatment unit 2 may be
configured as a hemofilter, a hemodiafilter, a plasma fil-
ter, or a dialysis filter. A blood withdrawal line 6 of the
extracorporeal blood circuit 3 is connected to an inlet of
the primary chamber 15, and a blood return line 7 of the
extracorporeal blood circuit 3 is connected to an outlet
of the primary chamber 15. The treatment unit 2 is re-
placeably mounted by a holder 18 to a front panel or a
side panel of the housing 1a of the apparatus 1. Similarly,
the extracorporeal blood circuit 3 is replaceably mounted
by a holder 19 to a front panel or a side panel of the
housing 1a.

[0064] Inuse, the blood withdrawal line 6 and the blood
return line 7 are connected to a needle or to a catheter
or other access device (not shown) which is then placed
in fluid communication with the patient’s vascular system,
such that blood can be withdrawn through the blood with-
drawal line 6, passed through the primary chamber 15
and then returned to the patient's vascular system
through the blood return line 7.

[0065] An air separator, such as a bubble trap 8, may
be inserted into the blood return line 7. Moreover, a safety
clamp 9 controlled by the control unit 14 may be present
on the blood return line 7 downstream the bubble trap 8.
A bubble sensor, for instance associated with the bubble
trap 8 or coupled to a portion of the line 7 between the
bubble trap 8 and the clamp 9 may be present. If present,
the bubble sensor is coupled to the control unit 14 to
enable the control unit 14 to cause closure of the clamp
9 in case a critical number of bubbles is detected, e.g.,
one or more bubbles above a safety threshold.

[0066] The withdrawal line 6 and return line 7 may in-
clude any one of the arterial and venous lines of known
type used in an apparatus for hemodialysis or
hemo(dia)filtration. In particular, the withdrawal line 6 and
return line 7 may be equipped with and/or connected to
various sensors and actuators of known type (for exam-
ple, pressure sensors, blood presence sensors or patient
presence sensors, liquid level sensors, air presence sen-
sors, blood transport pumps, infusion liquid transport
pumps, automatic block valves, liquid level regulation de-
vices, etc.) for the control and monitoring of the circuit
itself, and to various devices of known type (gas-liquid
separation devices, removal-injection access sites, man-
ual clamps, service lines, etc.) for performing various op-
erations on the circuit. One exemplary device illustrated
in Fig. 1 is a blood warmer 10.

[0067] Further, in one embodiment, a sensor may be
arranged in the extracorporeal blood circuit 3 (e.g., lo-
cated the blood withdrawal line 6) to emit a signal that is
indicative of a change of blood volume of the patient.
Such a sensor may include, for example, an optical or
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acoustic sensor. In one embodiment, the blood volume
sensor indicates blood volume changes.

[0068] Inuse,the user may enter a predetermined val-
ue for the blood flow rate Qg oop using the user interface
12, and the control unit 14 controls during the treatment
the pump 11 based on the predetermined blood flow rate.
[0069] The apparatus 1 may include a weight loss sys-
tem to actuate the weight loss of the individual during the
extracorporeal blood treatment. Such a weight loss sys-
tem includes a drain line connected to a fluid chamber
outlet for removing a discharge liquid from the chamber
and sending it to a drainage (bag or discharge). A sensor
generates a signal indicating the weight loss of the indi-
vidual subjected to extracorporeal blood treatment. The
sensor may have sensor means of a known type used
for detecting or determining the patient’'s weight loss in
an ultrafiltration, hemodialysis or blood(dia)filtration ap-
paratus. For example, in a hemodiafiltration apparatus,
the sensor may have a two-flow meter system of (one
upstream and one downstream of the filtering unit 2), or
adifferential flow meter, or a system of scales, ora control
system of the filling of predetermined volumes, or an ul-
trafiltration flow sensor in a fluid-balancing system with
variable volume chambers, or still other systems of
known type.

[0070] The extracorporeal treatment apparatus may
further have a system for supplying a fresh treatment
fluid in a predetermined composition. The supply system
may comprise any of the supply systems of known type
used to supply a dialysis and/or replacement fluid in a
hemodialysis or hemo(dia)filtration apparatus (for exam-
ple of the type with in-line preparation of the treatment
fluid from water and concentrates of the type sourcing
from a batch-type source such as one or more bags of
fluid). The supply system may have a supply line con-
nected to an inlet of a fluid chamber, a source the treat-
ment fluid (batch-type or in-line preparation type) and a
supply pump. The sensor is in this case connected to the
supply line to take into account, when determining the
individual’s weight loss, the flow of the treatment fluid, in
particular dialysis fluid entering the fluid chamber and/or
possibly replacementfluid infused into the extracorporeal
circuit 3. The source has a device for in-line preparation
of a treatment fluid having a predetermined concentra-
tion. The preparation device may comprise any of the
devices of known type used in a hemodialysis or
hemo(dia)filtration machine. In particular the preparation
device may prepare the treatment fluid starting from wa-
ter and concentrates by using of one or more sensors,
for example, an electrical conductivity sensor (or another
type of sensor for determining the composition of the di-
alysis solution) in order to determine, in a known way,
the composition of the prepared fluid. The structure and
functioning of the preparation device is known.

[0071] In use, the hemodiafiltration apparatus oper-
ates in a known way to affect a predetermined weight
loss in the patient, giving rise to an ultrafiltration device
for ultrafiltering liquid from the blood chamber 15 to the
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fluid chamber 16 through the semipermeable membrane
17. In particular, the ultrafiltration is carried out by ex-
ploiting the pressure difference at the two sides of the
membrane 17 (transmembrane pressure, or TMP) and
the resulting convective transport of liquid generated by
a discharge pump which enables having a pressure in
the chamber fluid that is lower than the pressure in the
blood chamber. The ultrafiltration means are of known.
[0072] The apparatus may also include an infusion de-
vice for infusing liquid into the extracorporeal circuit. The
infusion device may include an infusion line and an infu-
sion pump for moving the infusion fluid. The infusion line
is connected in a branched relationship with the supply
line, from a branch point positioned downstream of the
sensor. The infusion line may be connected to a batch
source of infusion fluid. In the illustrated example the in-
fusion line is connected to the return line (post-dilution),
although in addition to or as an alternative to the line 18
an infusion line may be provided, not shown, connected
to the removal line (pre-dilution).

[0073] The userinterface 12 allows input of data, such
as patient information, desired weight loss or desired
weight loss rate, treatment time, significant parameters
of the treatment and/or of the individual, etc. The user
interface also displays and/or visually outputs data, such
as patient information, treatment information and/or sig-
nificant parameters of the treatment and/or of the indi-
vidual, acoustic and/or visual alarms, etc.

[0074] In one embodiment, the control unit 14 is con-
figured to receive signals of relative change of blood vol-
ume and (variation of) weight loss during extracorporeal
blood treatment, in order to verify whether the relation-
ship between the relative change of blood volume and
the change in the weight loss of the individual is in a
predetermined relationship with a desired value, and to
control the weight loss system on the basis of the above
verification.

[0075] The control unit 14 is configured to carry out the
above receiving operations of verification and control sig-
nals iteratively during treatment. Of course the control
unit 14 may receive the desired value as an input from
an operator. The desired value may be a fixed value or
a profile of desired values over the time.

[0076] The patient-specific prescription parameter
provides useful information for understanding the re-
sponse of the patient undergoing dialysis, in particular of
his or her behavior relating to what is known as vascular
"refilling", i.e. the amount of fluid that moves from the
interstitial space of the patient’s body to the intravascular
space. During treatment the mass of accumulated liquids
is subtracted from the blood plasma through the ultrafil-
tration function, which then has the task of reabsorbing
from the cells of the tissues. Physiologically, this recon-
stitution (refilling) occurs quite slowly because it in turn
depends on the permeability of the cell membrane and
the extra-intracellular gradient, so that immoderate re-
moval may cause significant side effects such as collapse
and cramps. The control system of the apparatus is able
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to ensure accuracy of extractions and treatment comfort
by following this parameter and the desired value (or per-
formance) thereof during treatment.

[0077] The above parameter of the individual option-
ally comprises arefilling index IR that may be defined by:

R ABV %
AWL %
or by:
IR = AWL %
ABV %

where ABV% is the relative variation of blood volume,
i.e. the variation in blood volume as a ratio of the total
blood volume, and WL% is the relative weight drop, i.e.
the weight drop as a ratio of the total weight of the indi-
vidual or the weight of the individual’s body water.
[0078] The patient-specific prescription parameter
may be any function of the refilling index and in particular
it might be proportional to the refilling index IR or coinci-
dent with the refilling index IR.

[0079] In the description that follows, we will examine
the case relating to the second definition of the index IR

(IR = AWL%
ABV %

may be obtained by exploiting the first definition of the
refilling index and therefore the detailed description be-
low is not intended as a factor that limits the invention.
[0080] The control unit 14 may also be configured to
receive a minimum threshold value and/or a maximum
threshold value of acceptability for the aforementioned
set value. In a case in which the individual parameter is
the refilling index, the above-mentioned minimum thresh-
old value may be comprised, for example, between 0.6
and 1.1, while the above-mentioned maximum threshold
value may be comprised, for example, between 1.1 and
1.6.
[0081]
ifying if:

)y , but naturally the same approach

The above-cited verification may comprise ver-

ABV%(t) IR(t) IR, (t)
WL()  TW  TW

where ABV%(t) is the relative variation of blood volume
at time t, WL(t) is the weight loss at time t, IR(t) is the
calculated value of the refilling index at time t, IR 4¢5(t) is
the desired value of the refilling index at time t, TW is a
weight value of the individual. Even TW may be a value
TW(t) dependent on the treatment time, for example if
we consider the value TW(t) of the patient’s weight (total
weight or weight of body water) at time t, i.e. taking into
account the weight loss WL(t) reached precisely at time
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t. In this case the weight at time t will be TW(t)=TW,, -
WL(t), where TWj is the patient’s weight (total weight or
weight of body water) at the beginning of treatment.
[0082]
vidual may optionally comprise a value selected from be-
tween the total body weight of the individual before or
after the treatment, the weight of the body water of the
individual before or after the treatment, the total body
weight or the weight of the body water of the individual
at a specific time during the extracorporeal treatment of
blood.

The above-mentioned weight value of the indi-

Claims

An extracorporeal blood treatment system, compris-
ing:

a first holder (18), the first holder (18) holding
when the system is in use a blood treatment de-
vice (2) having a blood chamber (15), a fluid
chamber (16) and a semipermeable membrane
(17) that separates the chambers (15, 16) from
each other;

a second holder (19), the second holder (19)
holding when the system is in use an extracor-
poreal blood circuit (3) coupled to the blood
treatment device (2); and

a control unit (14) configured to operate at least
one pump (11) to cause blood to flow through
the blood treatment device (2) and the extracor-
poreal blood circuit (3), wherein the control unit
(14) is further configured to execute a procedure
comprising:

prior to commencing an extracorporeal
blood treatment, reading from a storage de-
vice (4a, 5a) stored values of a patient-spe-
cific prescription parameter, the patient-
specific prescription parameter being an
end-of-treatment parameter in the group in-
cluding a water-refilling index (WRI), a final
relative blood volume (ABV), a final blood
volume (BV%), and a variation of weight
loss (AWL%), wherein the stored values re-
late to a sequence of previous extracorpor-
eal blood treatments;

processing the stored values of the pre-
scription parameter read from the storage
device (4a, 5a) according to a predeter-
mined alogrithm to determine a current val-
ue of the patient-specific prescription pa-
rameter, wherein the current value is then
available for the subsequent extracorporeal
blood treatment;

using a default value as the current value if
less than a threshold number of stored val-
ues is read;
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10

deeming valid the current value if within a
predetermined range of acceptability, if not,
discarding the current value; and

once the current value is deemed valid, sug-
gesting the current value to the user and
requiring him/her to either accept or to dis-
card the suggested parameter, or using the
current value as a set value for the patient-
specific prescription parameter.

The system of claim 1, wherein the procedure further
comprises storing a value of the patient-specific pre-
scription parameter in the storage device (4a, 5a) at
an end of each treatment.

The system of claim 2, wherein the procedure further
comprises determining that a run-in period is com-
plete when a predetermined number of values has
been stored.

The system of any preceding claim, wherein reading
includes reading the stored values according to a
predetermined pattern.

The system of any preceding claim, wherein the pre-
determined algorithm determines an average value
of the stored values read from the storage device
(4a, 5a).

The system of any preceding claim, wherein the stor-
age device (4a, 5a) is a chip card, magnetic card,
RFID card, USB memory device or disc storage de-
vice.

The system of any preceding claim, wherein the sys-
tem further includes at least one of a network inter-
face for communications with a computer system (4)
having a storage device (4a) and a communications
interface (5) for communications with a storage de-
vice (5a).

The system of any preceding claim, wherein the pa-
tient-specific prescription parameter is determined
at an end of a treatment.

A non-therapeutic and non-surgical method of oper-
ating an extracorporeal blood treatment system hav-
ing a first holder (18) for a blood treatment device
(2) having a blood chamber (15), a fluid chamber
(16) and a semipermeable membrane (17) that sep-
arates the chambers (15, 16) from each other, a sec-
ond holder (19) for an extracorporeal blood circuit
(3) connectable to the blood treatment device (2),
and a control unit (14) configured to operate at least
one pump (11) to cause blood to flow through the
blood treatment device (2) and the extracorporeal
blood circuit (3), the method comprising:
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prior to commencing an extracorporeal blood
treatment, reading from a storage device (4a,
5a) stored values of a patient-specific prescrip-
tion parameter, the patient-specific prescription
parameter being an end-of-treatment parameter
in the group including a water-refilling index
(WRI), afinal relative blood volume (ABV), afinal
blood volume (BV%), and a variation of weight
loss (AWL%), wherein the stored values relate
to a sequence of previous extracorporeal blood
treatments;

processing the stored values of the prescription
parameter read from the storage device (4a, 5a)
according to a predetermined alogrithm to de-
termine a current value of the patient-specific
prescription parameter, wherein the current val-
ue is then available for the subsequent extracor-
poreal blood treatment;

using a default value as the current value if less
than athreshold number of stored valuesisread;
deeming valid the current value if within a pre-
determined range of acceptability, if not, dis-
carding the current value; and

once the currentvalue is deemed valid, suggest-
ing the current value to the user and requiring
him/her to either accept or to discard the sug-
gested parameter, or using the current value as
a set value for the patient-specific prescription
parameter.

The method of claim 9, further comprises storing a
value of the patient-specific prescription parameter
in the storage device (4a, 5a) at an end of each treat-
ment (automatically or under specific action request-
ed to the user).

The method of claim 11, further comprises determin-
ing that a run-in period is complete when a prede-
termined number of values has been stored.

The method of any preceding claim 9 - 11, wherein
reading includes reading the stored values accord-
ing to a predetermined pattern.

The method of any preceding claim 9 - 12, wherein
the predetermined algorithm determines an average
value of the stored values read from the storage de-
vice (4a, 5a).

Patentanspriiche

1.

Extrakorporales Blutbehandlungssystem, umfas-
send:

einen ersten Halter (18), wobei der erste Halter
(18) beim Betrieb des Systems eine Blutbe-
handlungsvorrichtung (2) mit einer Blutkammer
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(15), einer Fluidkammer (16) und einer die Kam-
mern (15, 16) voneinander trennenden semiper-
meablen Membran (17) halt;

einen zweiten Halter (19), wobei der zweite Hal-
ter (19) beim Betrieb des Systems einen extra-
korporalen Blutkreislauf (3), der mit der Blutbe-
handlungsvorrichtung (2) gekoppeltist, halt; und
eine Steuereinheit (14), die konfiguriert ist zum
Betreiben von mindestens einer Pumpe (11), so
dass Blutdurch die Blutbehandlungsvorrichtung
(2) und den extrakorporalen Blutkreislauf (3)
flie3t, wobei die Steuereinheit (14) weiter konfi-
guriertist zum Ausfiihren einer Prozedur umfas-
send:

vor dem Anfang einer extrakorporalen Blut-
behandlung, Lesen aus einer Speichervor-
richtung (4a, 5a) von gespeicherten Werten
eines patientenspezifischen Verschrei-
bungsparameters, wobei der patientenspe-
zifische Verschreibungsparameter ein Be-
handlungsende-Parameter aus der Gruppe
umfassend einen Wassernachfillindex
(WIR), ein relatives Endblutvolumen (ABV),
ein Endblutvolumen (BV%) und eine Ge-
wichtsverlustanderung (AWL%) ist, wobei
die gespeicherten Werte eine Reihenfolge
von vorherigen extrakorporalen Blutbe-
handlungen betreffen;

Verarbeiten der gespeicherten Werte des
Verschreibungsparameters, die aus der
Speichervorrichtung (4a, 5a) gelesen wur-
den, nach einem vorbestimmten Algorith-
mus zum Bestimmen eines aktuellen Wer-
tes des patientenspezifischen Verschrei-
bungsparameters, wobei der aktuelle Wert
dann fur die nachfolgende extrakorporale
Bluthandlungsbehandlung verfligbar ist;
Verwenden eines vorgegebenen Wertes
als aktueller Wert, wenn weniger als eine
Schwellenanzahl von gespeicherten Wer-
ten gelesen wird;

Erachten des aktuellen Wertes als giltig,
wenn er innerhalb eines vorbestimmten Ak-
zeptabilitatsbereich liegt, andernfalls Ver-
werfen des aktuellen Wertes; und

sobald der aktuelle Wert als giltig erachtet
wird, den aktuellen Werte dem Benutzer
vorschlagen und von ihm/ihr anfordern, den
vorgeschlagenen Parameter entweder zu
akzeptieren oder zu verwerfen, oder Ver-
wenden des aktuellen Wertes als einge-
stellter Wert fiir den patientenspezifischen
Verschreibungsparameter.

2. Systemnach Anspruch 1, wobei die Prozedur weiter

umfasst Speichern eines Wertes des patientenspe-
zifischen Verschreibungsparameters in der Spei-
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chervorrichtung (4a, 5a) am Ende jeder Behandlung.

System nach Anspruch 2, wobei die Prozedur weiter
umfasst Bestimmen, dass eine Einlaufperiode ab-
geschlossen ist, wenn eine vorbestimmte Anzahl
von Werten gespeichert wurde.

System nach einem der vorhergehenden Anspri-
che, wobei Lesen beinhaltet Lesen der gespeicher-
ten Werte nach einem vorbestimmten Muster.

System nach einem der vorhergehenden Anspri-
che, wobei der vorbestimmte Algorithmus einen Mit-
telwert der gespeicherten Werte, die aus der Spei-
chervorrichtung (4a, 5a) gelesen wurden, bestimmt.

System nach einem der vorhergehenden Anspri-
che, wobei die Speichervorrichtung (4a, 5a) eine
ChipKarte, eine magnetische Karte, eine RFID-Kar-
te, eine USB-Speichervorrichtung oder eine Platten-
speichervorrichtung ist.

System nach einem der vorhergehenden Anspri-
che, wobei das System mindestens eines beinhaltet
von:

einer Netzwerkschnittstelle fur die Kommunika-
tion mit einem Computersystem (4) mit einer
Speichervorrichtung (4a), und einer Kommuni-
kationsschnittstelle (5) fir die Kommunikation
mit einer Speichervorrichtung (5a).

System nach einem der vorhergehenden Anspri-
che, wobei der patientenspezifische Verschrei-
bungsparameter am Ende einer Behandlung be-
stimmt wird.

Nichttherapeutisches und nichtchirurgisches Ver-
fahren zum Betreiben eines extrakorporalen Blutbe-
handlungssystems mit einem ersten Halter (18) fur
eine Blutbehandlungsvorrichtung (2) mit einer Blut-
kammer (15), einer Fluidkammer (16) und einer die
Kammern (15, 16) voneinander trennenden semi-
permeablen Membran (17), einem zweiten Halter
(19)fur einen extrakorporalen Blutkreislauf (3), der
mit der Blutbehandlungsvorrichtung (2) verbindbar
ist, und einer Steuereinheit (14), die konfiguriert ist
zum Betreiben von mindestens einer Pumpe (11),
so dass Blut durch die Blutbehandlungsvorrichtung
(2) und den extrakorporalen Blutkreislauf (3) flieR3t,
wobei das Verfahren umfasst:

vor dem Anfang einer extrakorporalen Blutbe-
handlung, Lesen aus einer Speichervorrichtung
(4a, 5a) von gespeicherten Werten eines pati-
entenspezifischen Verschreibungsparameters,
wobei der patientenspezifische Verschrei-
bungsparameter ein Behandlungsende-Para-
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meter aus der Gruppe umfassend einen Was-
sernachfillindex (WIR), ein relatives Endblutvo-
lumen (ABV), ein Endblutvolumen (BV%) und
eine Gewichtsverlustanderung (AWL%) ist, wo-
bei die gespeicherten Werte eine Reihenfolge
von vorherigen extrakorporalen Blutbehandlun-
gen betreffen;

Verarbeiten der gespeicherten Werte des Ver-
schreibungsparameters, die aus der Speicher-
vorrichtung (4a, 5a) gelesen wurden, nach ei-
nem vorbestimmten Algorithmus zum Bestim-
men eines aktuellen Wertes des patientenspe-
zifischen Verschreibungsparameters, wobei der
aktuelle Wert dann fir die nachfolgende extra-
korporale Bluthandlungsbehandlung verfligbar
ist;

Verwenden eines vorgegebenen Wertes als ak-
tueller Wert, wenn weniger als eine Schwellen-
anzahl von gespeicherten Werten gelesen wird;
Erachten des aktuellen Wertes als gliltig, wenn
er innerhalb eines vorbestimmten Akzeptabili-
tatsbereich liegt, andernfalls Verwerfen des ak-
tuellen Wertes; und

sobald der aktuelle Wert als gultig erachtet wird,
den aktuellen Werte dem Benutzer vorschlagen
und von ihm/ihr anfordern, den vorgeschlage-
nen Parameter entweder zu akzeptieren oder
zu verwerfen, oder Verwenden des aktuellen
Wertes als eingestellter Wert fir den patienten-
spezifischen Verschreibungsparameter.

Verfahren nach Anspruch 9, weiter umfassend Spei-
chern eines Wertes des patientenspezifischen Ver-
schreibungsparameters in der Speichervorrichtung
(4a, 5a) am Ende jeder Behandlung (automatisch,
oder nach einer spezifischen, vom Benutzer ange-
forderten Aktion).

Verfahren nach Anspruch 11, weiter umfassend Be-
stimmen, dass eine Einlaufperiode abgeschlossen
ist, wenn eine vorbestimmte Anzahl von Werten ge-
speichert wurde.

Verfahren nach einem der vorhergehenden Anspri-
che 9-11, wobei Lesen beinhaltet Lesen der gespei-
cherten Werte nach einem vorbestimmten Muster.

Verfahren nach einem der vorhergehenden Anspri-
che 9-12, wobeider vorbestimmte Algorithmus einen
Mittelwert der gespeicherten Werte, die aus der
Speichervorrichtung (4a, 5a) gelesen wurden, be-
stimmt.

Revendications

1.

Systeme pour le traitement extracorporel du sang,
comprenant:
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un premier support (18), le premier support (18)
pour supporter lorsque le systéme est en usage
un dispositif de traitement du sang (2) ayant un
compartiment du sang (15), un compartiment du
fluide (16) et une membrane semi-perméable
(17) séparant les compartiment (15, 16) 'un de
'autre;

un deuxiéme support (19), le deuxieme support
(19) pour supporter lorsque le systéme est en
usage un circuit extracorporel du sang (3) ac-
couplé au dispositif de traitement du sang (2); et
une unité de commande (14) configurée pour
activer au moins une pompe (11) pour faire
écouler le sang a travers le dispositif de traite-
ment du sang (2) et le circuit extracorporel du
sang (3), ou 'unité de commande (14) est con-
figurée en outre pour exécuter une procédure
comprenant:

avant de commencer un traitement extra-
corporel du sang, lire d’'un dispositif de stoc-
kage (4a, 5a) des valeurs stockées d’'un pa-
rametre de prescription spécifique pour le
patient, le paramétre de prescription spéci-
fique pour le patient étant un paramétre de
fin de traitement choisi dans le groupe com-
prenant un indice de remplissage d’eau
(WR), un volume relatif final de sang (ABV),
un volume final de sang (BV%) et une va-
riation de perte de poids (AWL%), ou les
valeurs stockées concernent une séquence
de traitements extracorporels du sang pré-
cédents;

traiter les valeurs stockées du parameétre de
prescription spécifique pour le patient lues
du dispositif de stockage (4a, 5a) selon un
algorithme préétabli pour déterminer une
valeur courante du paramétre de prescrip-
tion spécifique pour le patient, ou la valeur
courante est ensuite disponible pour le trai-
tement extracorporel du sang successif;
utiliser une valeur de défaut comme valeurs
courante siun nombre inférieur aun nombre
de seuil de valeurs stockées est lu;
considérer la valeur courante comme vala-
ble si elle se trouve dans un intervalle d’ac-
ceptabilité préétabli, sinon éliminer la valeur
courante; et

une fois que la valeur courante est consi-
dérée comme valable, proposer la valeur
courante a l'opérateur et luidemander d’ac-
cepterou éliminer le paramétre proposé, ou
utiliser la valeur courante comme valeur
configurée pour le parametre de prescrip-
tion spécifique pour le patient.

2. Systéme selon la revendication 1, ou la procédure

comprend en outre stocker une valeur du parametre
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de prescription spécifique pour le patient dans le dis-
positif de stockage (4a, 5a) a une fin de chaque trai-
tement.

Systeme selon la revendication 2, ou la procédure
comprend en outre déterminer qu’une période de
rodage est compléte lorsqu’'un nombre préétabli de
valeurs a été stocke.

Systeme selon I'une quelconque des revendications
précédentes, ou lire comprend lire les valeurs stoc-
kées selon un modeéle préétabli.

Systeme selon I'une quelconque des revendications
précédentes, ou I'algorithme préétabli établit une va-
leur moyenne des valeurs stockées lues du dispositif
de stockage (4a, 5a).

Systeme selon 'une quelconque des revendications
précédentes, ou le dispositif de stockage (4a, 5a)
est une carte a puce, une carte magnétique, une
carte RFID, un dispositif de mémoire USB ou un dis-
positif de mémoire a disques.

Systeme selon I'une quelconque des revendications
précédentes, ou le systeme comprend en outre 'une
entre une interface de réseau pour communiquer
avec un systéme d’ordinateur (4) ayant un dispositif
de stockage (4a) et une interface de communication
(5) pour communiquer avec un dispositif de stockage
(5a).

Systeme selon I'une quelconque des revendications
précédentes, ou le paramétre de prescription spéci-
fiqgue pour le patient est déterminé a une fine d’'un
traitement.

Procédé non-thérapeutique et non-chirurgical pour
activer un systeme pour le traitement extracorporel
du sang ayant un premier support pour un dispositif
de traitement du sang (2) ayant un compartiment du
sang (15), un compartiment du fluide (16) et une
membrane semi-perméable (17) séparant les com-
partiment (15, 16) I'un de l'autre, un deuxieme sup-
port (19) pour un circuit extracorporel du sang (3)
pouvant étre relié au dispositif de traitement du sang
(2), et une unité de commande (14) configurée pour
activer au moins une pompe (11) pour faire écouler
le sang a travers le dispositif de traitement du sang
(2) et le circuit extracorporel du sang (3), le procédé
comprenant:

avant de commencer un traitement extracorpo-
rel du sang, lire d’'un dispositif de stockage (4a,
5a) des valeurs stockées d’'un parametre de
prescription spécifique pour le patient, le para-
meétre de prescription spécifique pour le patient
étant un paramétre de fin de traitement choisi
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dans le groupe comprenant un indice de rem-
plissage d’eau (WRI), un volume relatif final de
sang (ABV), un volume final de sang (BV%) et
une variation de perte de poids (AWL%), ou les
valeurs stockées concernent une séquence de
traitements extracorporels du sang précédents;
traiter les valeurs stockées du paramétre de
prescription spécifique pour le patient lues du
dispositif de stockage (4a, 5a) selon un algorith-
me préétabli pour déterminer une valeur cou-
rante du parameétre de prescription spécifique
pour le patient, ou la valeur courante est ensuite
disponible pour le traitement extracorporel du
sang successif;

utiliser une valeur de défaut comme valeurs cou-
rante siun nombre inférieur a un nombre de seuil
de valeurs stockées est lu;

considérer la valeur courante comme valable si
elle se trouve dans un intervalle d’acceptabilité
préétabli, sinon éliminer la valeur courante; et
une fois que la valeur courante est considérée
comme valable, proposer la valeur courante a
I'opérateur et lui demander d’accepter ou élimi-
ner le paramétre proposé, ou utiliser la valeur
courante comme valeur configurée pour le pa-
rametre de prescription spécifique pour le pa-
tient.

Systeme selon la revendication 9, comprenant en
outre stocker une valeur du paramétre de prescrip-
tion spécifique pour le patient dans le dispositif de
stockage (4a, 5a) a une fin de chaque traitement
(automatiquement ou aprés une action spécifique
demandée a I'opérateur).

Systeme selon la revendication 11, comprenant en
outre déterminer qu’une période de rodage est com-
pléte lorsqu’un nombre préétabli de valeurs a été
stockeé.

Systeme selon I'une quelconque des revendications
précédentes 9-11, ou lire comprend lire les valeurs
stockées selon un modéle préétabli.

Procédé selon I'une quelconque des revendications
précédentes 9-12, ou l'algorithme préétabli établit
une valeur moyenne des valeurs stockées lues du
dispositif de stockage (4a, 5a).
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